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APPARTAUS AND METHOD FOR REDUCING BIT ERROR RATES 
(BER) AND FRAME ERROR RATES (FER) USING TURBO DECODING 
IN A DIGITAL COMMUNICATION SYSTEM 

5 PRIORITY 



This application claims priority under 35 U.S.C. § 119 to an application 
entitled "Apparatus and Method for Turbo Decoding" filed in the Korean 
Intellectual Property Office on July 19, 2002 and assigned Serial No. 2002- 
10 42686, the contents of which . are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

15 The present invention relates generally to a forward error correction 

(FEC) apparatus and method in a digital communication system, and in 
particular, to an apparatus and method for turbo decoding. 

2. Description of the Related Art 

20 In general, turbo codes are used for high-speed data communication, 

especially in Evolution Data Only (IxEV-DO) or Evolution Data and Voice 
(IxEV-DV). Berrou et. al. proposed the turbo codes in 1993. A turbo encoder is a 
parallel concatenation of two constituent Recursive Systematic Convolutional 
(RSC) encoders with a random interleaver in between. Thus, a turbo code is 

25 produced by encoding information bits and interleaved information bits in the 
RSC constituent encoders. Turbo decoding involves a serial concatenation of two 
constituent decoders, each for decoding iteratively, exchanging its extrinsic 
information with the other constituent decoder. There are three algorithms 
applicable for each constituent decoder: Log-MAP, Max-Log-MAP, and Soft 

30 Output Viterbi Algorithm (SOVA). 
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The Log-MAP algorithm is the log-domain implementation of a MAP 
algorithm which is optimal for decoding an information word in a trellis. The 
Max-Log-MAP algorithm is easily derived from the Log-MAP algorithm by an 
5 approximation of metric computation. Despite the advantage of simple 
implementation as compared to the Log-MAP algorithm, the Max-Log-MAP 
algorithm leads to performance degradation when perfect Signal-to-Noise Ratio 
(SNR) is possible at a receiver. 

10 For the Log-MAP algorithm, state metrics and an Log Likelihood Ratio 

(LLR) are computed. State metrics a and jS for a state (s and s') in a trellis at 
decoding time k are in a recursive relation expressed as 



15 ' ' (1) 

where 7 is a branch metric defined by a symbol received on a channel. Using the 
state metrics and the branch metric, the LLR of a kth symbol is obtained by 
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where , /c = log(l + 5:^"'"^'"^"''*")-log(l + Z^-*"'*"^"'*''> 

20 (2) 



In Eq. (2), Mn(i) is an ith metric in a descending-order arrangement of 
metrics (log(oi:.i(s')')ic (s', s)i8k(s))) for an information symbol n (0 or 1) in the 
state set (s, s') at time k. Therefore, Mo(0) and Mi(0) are the best metrics for the 
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information symbol 1 and 0 at time k, and fc is a correction value defined by the 
difference between the best metric and the other metrics for each information 
symbol. Accordingly, the LLR is updated using the best metric difference 
between the information symbols 0 and 1 at time k and the correction value fc. 

5 

In summary, the Log-MAP algorithm generates all state metrics in a 
trellis for each constituent decoder by Eq. (1) and computes the LLR of a code 
symbol in the trellis using its state metrics by Eq. (2). Each constituent decoder 
feeds extrinsic information derived from the LLR to the other constituent 
10 decoder, for iterative decoding. In this manner, turbo decoding is performed. 

The Max-Log-MAP algorithm is a simplified version of the Log-MAP 
algorithm by reducing the state metric computation of Eq. (1) to a maximum 
operation expressed as 

15 

log is) ^ max(log(a^.i {s ')y^ {s \ s))) 
^oB^k-iW) « max(logG!?4(j)yjt(s',5))) 

s 

(3) 

20 In the same maimer, the LLR of the kth decoding symbol is simply 

computed by the maximum operation. The LLR is updated using only the best 
metric difference, assuming fc to be 0. Thus, 



Z(«,) = Mo(0)-M,(0) 

25 (4) 

In summary, the Max-Log-MAP algorithm searches all state metrics in 
the trellis for each constituent decoder by the maximum operation of Eq. (3) and 



P10957/ST (2002-42686) 



computes the LLR of a code sjmibol in the trelhs using the best metric difference 
between infomiation symbols 0 and 1 by Eq. (4). Extrinsic infomiation derived 
from the LLR is fed to the other constituent decoder, for iterative decoding. In 
this manner, turbo decoding is performed. 

5 

A so-called Max-Log-MAP algorithm with Feedback Gain (FG) 
considers an additional gain derived from the LLR computed by Eq. (4) to 
improve the decoding performance of the Max-Log-MAP algorithm. A weighting 
factor multiplied as the feedback gain is about 0.588235 and applied only to 
10 extrinsic information from a second constituent decoder. 

Since the Log-MAP algorithm is the log-domain implementation of an 
optimum symbol by symbol MAP decoding algorithm, it performs as well as the 
MAP algorithm. However, when the Log-MAP algorithm is implemented in 
15 hardware, the function of log(l+e"^) defining each metric must be implemented 
in hardware or in the form of a look-up table. The Max-Log-MAP algorithm, on 
the other hand, requires no look-up table, but performs worse than the Log-MAP 
algorithm. The benefits and shortcomings of the Log-MAP algorithm and the 
Max-Log-MAP algorithm are as follows. 

20 

(1) The Log-MAP algorithm: Since it is an optimum symbol by symbol 
decision algorithm, it is the best turbo decoding algorithm. However, the 
implementation of log(l-i-e"^) increases hardware complexity. Moreover, log(l+e" 
^) is a non-linear function and thus an accurate SNR estimate of a received 

25 symbol is required to compute branch metrics by which A is defined. If the SNR 
estimation involves errors, this SNR mismatch degrades performance markedly. 

(2) The Max-Log-MAP algorithm: Log() computation is not required for 
metric calculation because all metrics are calculated by the maximum operation. 

30 Therefore, the problem of increased hardware complexity as encountered in the 
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Log-MAP algorithm is not produced. Furthermore, the calculation of metrics by 
the maximum operation obviates the need of the non-linear function log(l+e"^), 
which implies that there are no SNR mismatch-related problems. However, since 
the Max-Log-MAP algorithm is an approximation of the Log-MAP algorithm, it 
5 performs about 0.3 to 0.4dB worse than the Log-MAP algorithm. 

As described above, the Log-MAP algorithm and the Max-Log-MAP 
algorithm cause increased hardware complexity and performance degradation as 
their respective shortcomings. 

10 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to provide a turbo 
decoding apparatus and method which perform better than the Max-Log-MAP 
1 5 algorithm in turbo decoding. 

It is another object of the present invention to provide a turbo decoding 
apparatus and method which is less complex than the Log-MAP algorithm. 

20 The above objects are substantially achieved by a constituent decoder for 

decoding a turbo code and a constituent decoding method thereof. The best 
metric and the second best metric are calculated for the value of a received code 
symbol in an arbitrary state of a turbo decoding trellis during turbo decoding of 
the code symbol. Extrinsic information necessary for turbo decoding of the code 

25 symbol is calculated. The difference between the extrinsic information and a best 
metric-second best metric difference is calculated. The LLR of the code symbol 
is updated by multipl3dng the calculated difference by a predetermined weighting 
factor and deciding the value of the code symbol. 

30 The extrinsic information is calculated using the difference between the 
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two metrics, an input symbol reflecting an SNR and the a priori information of 
the input symbol. 

The weighting factor is less than 1 and approximate to 1. Preferably, it is 
5 greater than 0.588235. Preferably, it is 1/2+1/4+1/16. 

If the SNR can be perfectly estimated, the weighting factor is calculated 
using a log function. If the SNR cannot be perfectly estimated, the weighting 
factor is calculated using an approximated linear function. 

10 

In the constituent decoder for decoding a turbo code, a first adder for 
calculating the LLR of a received code symbol by calculating the difference 
between the probability of the code symbol being 1 and the probability of the 
code symbol being 0 at an arbitrary state of a turbo decoding trellis during turbo 

15 decoding of the code symbol. A second adder adds the transmission information 
and a priori information of the code symbol. A third adder calculates the 
difference between the outputs of the first and second adders as extrinsic 
information. A first multiplier multiplies the output of the third adder by a 
predetermined weighting factor as a feedback gain. A correction value calculator 

20 calculates a correction value using the difference between the best metric and the 
second best metric of the code symbol. A fourth adder adds the correction value 
to the output of the first multiplier. 

The correction value calculator includes a fifth adder for calculating the 
25 difference between the best metric and the second best metric for an information 
symbol 0 as the value of the code symbol, a sixth adder for calculating the 
difference between the best metric and the second best metric for an information 
sjnubpl 1 as the value of the code symbol, and a look-up table for storing log 
function-based correction values for the outputs of the fifth and sixth adders and 
30 outputting correction values for the outputs of the fifth and sixth adders. The 
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correction value calculator further includes a seventh adder for calculating the 
difference between the correction values, a second multiplier for multiplying the 
output of the seventh adder by a predetermined weighting factor, an eighth adder 
for calculating the difference between the outputs of the fifth and sixth adders, a 
5 third multiplier for multiplying the output of the eighth adder by the inclination 
of a linear function approximated from the log function, and a selector for 
selecting one of the outputs of the second and third multipliers according to the 
reliability of the SNR of the code symbol. 

10 The weighting factor is preferably 1/2+1/4+1/16. 

The SNR reliability is determined according to whether perfect SNR 
estimation is possible or not. The selector outputs the value received from the 
second multiplier if the perfect SNR estimation is possible, and the value 
15 received from the third multiplier if the perfect SNR estimation is impossible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the present 
20 invention will become more apparent from the following detailed description 
when taken in conjunction with the accompanying drawings in which: 

FIG. 1 is a block diagram illustrating an example of a turbo decoder 
using a modified Max-Log-MAP algorithm according to an embodiment of the 
present invention; 

25 FIG. 2 is a flowchart illustrating an example of operations for finding the 

best metric Mn(0) and second best metric Mn(l) at decoding time k according to 
an embodiment of the present invention; 

FIG. 3 is a flowchart illustrating an example of operations for computing 
an LLR and extrinsic information for iterative decoding in the modified Max- 

30 Log-MAP algorithm according to an embodiment of the present invention; 
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FIG. 4 is a block diagram of an example of function blocks for 
simultaneously finding the best and second best metrics for the LLR at an 
arbitrary decoding time according to an embodiment of the present invention; 

FIG 5 is a block diagram of an example of function blocks for producing 
5 extrinsic information for an information symbol at an arbitrary decoding time 
according to an embodiment of the present invention; 

FIG 6 is a block diagram of an example of function blocks for 
computing a correction value used to obtain the extrinsic information according 
to an embodiment of the present invention; 
10 FIGs. 7 and 8 are graphs illustrating examples of Bit Error Rate (BER) 

and Frame Error Rate (FER) performance of turbo decoding algorithms when an 
Encode Packet (EP) size is 3864 and an overall code rate is according to an 
embodiment of the present invention; 

FIGs. 9 and 10 are graphs illustrating examples of BER and FER 
15 performance of log2 MaxLogMAP, mod MaxLogMAP, MaxLogMAP with FQ 
and MaxLogMAP over iterations at Ei/No of 1 .3dB according to an embodiment 
of the present invention; 

'FIGs. 11 and 12 are graphs illustrating examples of BER and FER 
performance of turbo decoding algorithms when an EP size is 792 and an 
20 effective code rate is 1/5 according to an embodiment of the present invention; 

FIGs. 13 and 14 are graphs illustrating examples of BER and FER 
performance over iterations at Eb/N^ of 0.7dB when an EP size is 3864 according 
to an embodiment of the present invention; and 

FIGs. 15 and 16 are graphs illustrating examples of BER and FER 
25 performance over SNR mismatch at Eb/No of 1.2dB when an EP size is 3864 and 
an effective code rate is Vi according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

30 Embodiments of the present invention will be described herein below 
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with reference to the accompanying drawings. In the following description, well- 
known functions or constructions are omitted for conciseness. 

The present invention is intended to provide an improved Max-Log- 
5 MAP algorithm which, by modifying the LLR updating of the existing Max-Log- 
MAP algorithm, performs only about 0.1 dB or less worse than the Log-MAP 
algorithm and offers better turbo decoding performance than the Max-Log-MAP 
algorithm and the Max-Log-MAP algorithm with FG.^ Since the improved Max- 
Log-MAP algorithm is basically a turbo decoding algorithm based on the Max- 
10 Log-MAP algorithm, it advantageously provides a slight hardware complexity 
increase with no SNR mismatch. 

The features of the present invention are presented briefly as follows. 

15 (1) For LLR update at an arbitrary decoding time, the second best 

metrics for information symbols 0 and 1 as well as the best metrics are 
considered. Notably, the second best metrics are excluded from consideration for 
LLR updating in the existing Max-Log-MAP algorithm. It will be apparent from 
later-described simulation results that this LLR update of the present invention 

20 leads to turbo decoding performance as good as the Log-MAP algorithm. 

(2) If a correction value fc, which is computed using the second best 
metrics for information symbols 0 and 1 at an arbitrary decoding time, is defined 
to be a non-linear function, SNR mismatch leads to performance changes. 
25 Therefore, fc is approximated to a hnear function. The simulation results will also 
clarify that the approximation of fc to the linear function results in excellent turbo 
decoding performance irrespective of the SNR mismatch. 

Hence, linear approximation of fc will be described according to the 
30 present invention. In addition, turbo decoding performance is evaluated in the 
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case where fc is defined as its original log function and the applicability of this fc 
definition is investigated. 

FIG. 1 is a block diagram illustrating an example of a turbo decoder 
5 using a modified Max-Log-MAP algorithm according to an embodiment of the 
present invention. As described above, the modified Max-Log-MAP algorithm 
refers to a Max-Log-MAP algorithm that updates an LLR using the best and 
second best metrics for an information symbol at a decoding time according to an 
embodiment of the present invention. 

10 

The modified Max-Log-MAP algorithm is applied to each constituent 
decoder (DECl and DEC2). An Feedback Gain Controller (FEC) for weighting 
extrinsic information is also applied to each constituent decoder. 

15 Referring to FIG. 1, first and second constituent decoders (DECl and 

DEC2) 101 and 104, respectively, derive extrinsic information and LLR for an 
information symbol using the modified Max-Log-MAP algorithm. That is, the 
constituent decoders 101 and 104 each correspond to one of the constituent 
encoders of a turbo encoder. An interleaver 102 interleaves a signal received 

20 from the first constituent decoder 101. By considering the interleaving of data 
between the constituent codes of a turbo code, the interleaver 102 permutes the 
sequence of data so that the output of the first constituent decoder 101 matches 
the input of the second constituent decoder 104. A first FGC 103 multiplies the 
interleaved signal by a weighting factor derived from extrinsic information 

25 computed in the first constituent decoder 101 in accordance with the modified 
Max-Log-MAP algorithm. The weighting factor is an empirical value. It is larger 
in the Max-Log-MAP algorithm than in the Log-MAP algorithm. Considering 
this, extrinsic information for an information symbol is multiplied by a weighting 
factor less than 1, thereby achieving better performance. The second constituent 

30 decoder 104 decodes the output of the first FGC 103. A deinterleaver 105 
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performs de-interleaving so that the output of the second constituent decoder 
104 matches the input of the first constituent decoder 101. A second FGC 106 
multiplies the deinterleaved signal by a weighting factor derived from extrinsic 
information computed in the second constituent decoder 101 in accordance with 
5 the modified Max-Log-MAP algorithm. The output of the second FGC 106 is 
applied to the input of the first constituent decoder 101 . 

Adders 107 and 108 add the transmission reliability and a priori 
probability (APP) of a received code symbol to generate an LLR for an 

10 information symbol using the extrinsic information derived from the second 
constituent decoder 105. The a priori information is the LLR of the probability of 
an information symbol being 0 to the probability of the information symbol being 
1 . In a general coding theory, the information symbols 0 and 1 are equiprobable. 
Therefore, initial a priori information is always 0. As iterative decoding proceeds, 

15 extrinsic information from each constituent decoder is used as the a priori 
information of an information sjmibol for the other constituent decoder. Hence, 
the a priori information is not 0 any longer. A decider 109 decides the sign of the 
LLR. If the LLR sign is positive, the decider 109 generates an information 
symbol 0, and if the LLR sign is negative, it generates an information symbol 1 . 

20 The decision value is fed to both an output buffer 110 and a CRC checker 1 1 1 . In 
an embodiment of the present invention, the output buffer 110 can be a memory 
for storing the decision value 0 or 1. The CRC checker 111 checks a prior 
inserted CRC to detect errors in a frame of decoded information symbols. 

25 The implementation of the modified Max-Log-MAP algorithm in the 

constituent decoders will now be described below. 

The modified Max-Log-MAP algorithm evolved from the Max-Log- 
MAP algorithm by modifying its LLR updating process. Hence, for 
30 implementation simplicity and maintaining the insensitivity of turbo decoding to 
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SNR mismatch, Eq. (3) is still adopted to compute state metrics a and jS for the 
second modified Max-Log-MAP algorithm. Also, Eq. (2) is used with the 
correction value fc approximated in order to define the LLR for the modified 
Max-Log-MAP algorithm. 

5 

The approximation of fc involves defining fc using the best metrics Mn(0) 
and second best metrics Mn(l) for information symbols 0 and 1 among all 
metrics Mn(i) constituting fc in Eq. (2). In other words, the turbo decoding 
algorithm of the present invention updates an LLR at an arbitrary decoding time, 
10 considering the second best metrics for the information symbols 0 and 1, which 
are excluded in the LLR updating of the Max-Log-MAP algorithm, as well as 
. their best metrics. 

For LLR updating in the modified Max-Log-MAP algorithm, fc is 
15 approximated as 

(5) 

20 As noted from Eq. (5), fc is defined using the best metric Mn(0) and 

second best metric Mn(l) for an information symbol n at a decoding time. 
Metrics Mn(i) (i>l) less than the second best metric Mn(l) are discarded in the 
approximation because they have a negligibly insignificant impact on fc. While 
the Max-Log-MAP algorithm searches all state sets (s', s) on a trellis at an 

25 arbitrary decoding time and computes the best metric Mn(0) for the information 
symbol, updating metrics for each state set, the modified Max-Log-MAP 
algorithm computes the second best metric Mn(l) in addition to the best metric 
Mn(0), and that simultaneously not to increase decoding time. For this purpose, 
let a metric for a state s be m(s). Then Mn(0) and Mn(l) are computed 
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5 

Table 1 

(1) initialization: s=0, Mn(0)=MIN, Mn(l)=MIN 

(2) find m(s) 

(3) if Mn(0)<m(s), M„(l)= M„(0) and M„(0)=m(s) 
else if Mn(l)<m(s), M„(l)=m(s) 

(4) if s=S-l, stop. Else go to (5) 

(5) increase s by 1 . Go to (2) 



In Table 1, MIN is a very small value equivalent to -oo, for state metric 
10 initializatioii and S is the total number of states in the trellis of constituent 
convolutional codes. 

FIG. 2 is a flowchart illustrating an example of operations for computing 
the best metric Mn(0) and second best metric Mn(l) at decoding time k according 
15 to an embodiment of the present invention. 

Referring to FIG 2, the trellis state and the best and second best metrics 
for information symbols 0 and 1 are set to initial values at decoding time k in 
step 200 as indicated by (1) in Table 1. In step 202, a metric for an information 
20 symbol n (0 or 1) is computed, increasing the state by 1 each time. Hence, the 
operation of FIG. 2 is a process of finding the current state s. The computed 
metric is compared with the existing best metric for the information symbol n in 
step 204. If the current metric is greater than the existing best metric, the 
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procedure goes to step 206. Otherwise, it goes to step 208. In step 206, the 
current metric is set as the best metric and the existing best metric is set as the 
second best metric. 

5 On the other hand, in step 208, the current metric is compared with the 

existing second best metric. If the current metric is greater than the existing 
second best metric, the second best metric is updated to the current metric in step 
210. If the current metric is equal to or less than the existing second best metric 
in step 206 or 210, or step 208, the procedure goes to step 212. 

10 

In step 212, it is determined whether the current state is the last state. If it 
is, the procedure ends. If it is not, the state is increased by 1 in step 214. 

In this manner, the best and second best metrics Mn(0) and Mn(l) are 
15 obtained at the same time at an arbitrary decoding time. Using these metrics, the 
correction value fc is approximated as Eq. (5). 

However, the non-linear approximation of fc in Eq. (5) affects decoding 
performance according to the absolute value of an input sjmibol in the turbo 
20 decoder. That is, a receiver cannot estimate an accurate SNR, resulting in SNR 
mismatch. As a result, if a decoder input symbol is changed, the turbo decoding 
performance is also changed. Therefore, it is necessary to approximate fc from 
the log function to a linear function. 

25 A description will now be made of an approximation of the log function 

compared to a linear function. 

With a representation of fc by the log function as in the Log-MAP 
algorithm, or by a look-up table corresponding to the log function, the SNR 
30 mismatch changes Eg/No which is multiplied by a decoder input symbol despite a 
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constant SNR for the input symbol, which remarkably changes turbo decoding 
performance. To maintain the decoding performance irrespective of the value of 
the input symbol, the log function must be modified. Eq. (6) renders an 
approximation to the log function. 

5 

/(x) = log(l4'e"'')»-Ajc4-c x>0, K>0^ oO 

(6) 

A function having a metric as a factor must be linear with respect to the 
10 metric, to achieve an LLR in the manner that renders decoding performance 
irrespective of the change of an input symbol. If fc changes in a non-linear 
manner depending on the metric varying with the input symbol value, fc also 
non-linearly changes with respect to the LLR according to the variable input 
symbol despite the same SNR. Therefore, a constant performance is not ensured. 

15 

In the approximation expressed as Eq. (6), a constant c is negligible. It is 
offset by approximating l(x) as a first-order function with the constant c because 
fc is defined by the difference between fiinctions l(x) having metrics for 
information symbols 0 and 1 as their factors. 

20 

This approximation is rough. Due to errors caused by the rough 
approximation, the modified Max-Log-MAP algorithm of the present invention 
performs worse than a modified Max-Log-MAP algorithm with l(x) defined as a 
log function. However, defining l(x) as the non-linear function may lead to good 
25 performance if perfect SNR estimation is ensured, but the decoding performance 
is changed when SNR mismatch changes the input symbol value. 

Through the approximation, the LLR is updated in the modified Max- 
Log-MAP algorithm by 
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i(^*) = il^o(0)-A/,(O) + /, 
Where /, = -iC(M,(0)-Mo(l))+J^(M,(0)-M,(l)) 

(7) 

5 

The second best metric Mn(l) is computed at the same time as the best^ 
metric Mn(0) by Eq. (7) in the approximation algorithm. 

Now, weighting factors appUed to extrinsic information will be 
10 described. Extrinsic information about an information symbol can be achieved 
using an LLR from the LLR updating process of the modified Max-Log-MAP 
algorithm. Since the Max-Log-MAP algorithm produces extrinsic information 
through repeated approximation, the extrinsic information has a relatively large 
value compared to extrinsic information in the Log-MAP algorithm. To reduce 
1 5 this impact, extrinsic information for the information symbol is multiplied by a 
weighting factor. In the conventional Max-Log-MAP algorithm with FG, a 
predetermined weighting factor, for example, 0.588235 is multiplied by extrinsic 
information from the second constituent decoder for each iteration. However, in 
the modified Max-Log-MAP algorithm, the correction value fc reflecting the 
20 second best metric is involved in the LLR and thus a weighting factor for 
extrinsic information must be nearer to 1 than fc. Considering a weighting factor 
Wf, the extrinsic information is formed as 
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= HMo (0) - M (0)) - {L,y, + La{u, ))+// 
or /. • = Wo(0)- A/oa))+ ^'(M.CO)- A/.(l)) 

(8) 

5 In Eq. (8), K'=K" Wf. LcYk is a signal reflecting a channel reliability at the 

input of the turbo decoder and La(fi,^) is the a priori information of the current 
information symbol. The formula is produced by subtracting extrinsic 
information from the difference between the best metric and the second best 
metric and then adding a new correction value fc' to the resulting difference. 
10 Hereinafter, fc' is called a correction value. 

The following description is made of defining an LLR and extrinsic 
information for iterative decoding in the modified Max-Log-MAP algorithm. 

15 FIG. 3 is a flowchart illustrating an example of operations for computing 

the LLR for an information symbol and extrinsic information used for iterative 
decoding in the modified Max-Log-MAP algorithm according to an embodiment 
of the present invention. 

20 Referring to FIG. 3, a branch metric y is calculated for an arbitrary state 

transition in a trellis in step 400 and state metrics a and jS are updated for all state 
sets (s, s') in relation to the state transition in step 402. In step 404, the best 
metric Mn(0) and the second best metric Mn(l) are found at the same time to 
achieve the LLR in the procedure of FIG 2, updating the state metrics. The LLR 
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-is computed using the difference between Mn(0) and Mn(l), the decoder input 
with an SNR considered therein, and the a priori information of an information 
S3anbol by Eq. (8) in step 406. This step is performed in function blocks 601, 602 
and 603 illustrated in FIG 5. In step 408, the extrinsic information is multiplied 
5 by a weighting factor Wf, which is performed in a function block 604 illustrated 
in FIG. 5. 

The correction value fc' is chosen as one of two values defined in Eq. (8) 
depending on whether the log function is approximated to a linear function or 

10 not. If the receiver can perform perfect SNR estimation, fc' is chosen as the 
original log function. Otherwise, it is chosen as the approximated linear function. 
Thus, if the perfect SNR estimation is possible in step 410, the procedure goes to 
step 412 and if it is impossible, the procedure goes to step 414. In step 414, the 
log function is used as fc' and in step 412, the linear function is used as fc'. The 

15 log function is chosen when function blocks 701, 702, 703, 705 and 707 
illustrated in FIG. 6 output FLAG as 0, while the linear function is chosen when 
function blocks 701, 702, 704, 706 and 708 illustrated in FIG. 6 output FLAG as 
1. 

20 FIG. 4 is a block diagram of an example of function blocks for finding 

the best metric and the second best metric in relation to an LLR at an arbitrary 
decoding time according to an embodiment of the present invention. 

Referring to FIG. 4, a bold solid line denotes a second best metric finding 
25 section, that is, function blocks 511 to 514. Therefore, the other function blocks 
501, 502 and 503 operate according to the Max-Log-MAP algorithm. These 
function blocks update metrics for all trellis states, increasing the index of a state 
by 1 each time. Here, a signal SELO is 0 for the first state and 1 for the following 
states. A signal SELl is 0 for the first and second states and 1 for the following 
30 states. 
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The function blocks 502, 503, 511, 513 and 514 are selectors for 
outputting the input at port 0 if a select signal is 0 and the input at port 1 if the 
select signal is 1. The function blocks 501 and 512 are selectors for outputting 1 
5 if a signal at port a is less than a signal at port b, and 0 if the signal at port a is 
equal to or greater than the signal at port b. 

FIG. 5 is a block diagram of an example of function blocks for generating 
extrinsic information about an information symbol at an arbitrary decoding time 
10 according to an embodiment of the present invention. 

Referring to FIG. 5, a first adder 601 outputs the difference between the 
best metrics for 0 and 1 as LLR information about an information symbol. A 
second adder 602 adds the transmission information and a priori information of a 

15 received symbol. A third adder 603 subtracts the sum received from the second 
adder 602 from the LLR information received from the first adder 601. The 
output of the third adder 603 is extrinsic information defined in the existing Max- 
Log-MAP algorithm. A multiplier 604 multiplies the extrinsic information by a 
weighting factor, as done in the existing Max-Log-MAP algorithm with FG. If the 

20 weighting factor is 1 , this effects the Max-Log-MAP algorithm. A fourth adder 
605 adds a correction value fc' obtained by the function blocks illustrated in FIG 
6 to the output of the multiplier 604. Thus, the final extrinsic information for the 
modified Max-Log-MAP algorithm is achieved. 

25 That is, the extrinsic information is obtained for the modified Max-Log- 

MAP algorithm by further using the multiplier 604 associated with the weighting 
factor Wf and the adder 605 associated with the correction value fc', compared to 
the Max-Log-MAP algorithm. Also, compared to the Max-Log-MAP algorithm 
with FQ the adder 605 is further used. 

30 
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FIG. 6 is a block diagram of an example of function blocks for 
calculating the correction value fc* for use in computing the extrinsic information 
according to an embodiment of the present invention. 

5 Referring to FIG. 6, the first adder 701 computes the difference between 

the best metric and the second best metric for an information symbol 0 and the 
second adder 702 computes the difference between the best metric and the 
second best metric for an information symbol 1 . A look-up table (LUT) 703 finds 
correction values from the log function defined in Eq. (8) using the differences. 
10 The third adder 707 computes the difference between the correction values. The 
first multiplier 707 multiplies the difference by a weighting factor, thereby 
deciding a final correction value. 

The fourth adder 704 computes the difference between the outputs of the 
15 first and second adders 701 and 702. The second multiplier 706 multiplies the 
difference by an inclination value, thereby deciding a correction value 
approximated to a linear function. 

One of the correction values defined in Eq. (8) is chosen according to a 
20 signal FLAG. For the choice of the log function, the selector 708 selects the input 
at port 0. On the contrary, for the choice of the linear function, the selector 708 
selects the input at port 1 . The former case requires an LUT, whereas the latter 
case requires simply adders and a multiplier. Notably, when FLAG is 0, perfect 
SNR estimation must be ensured at the receiver. This stmcture illustrated in FIG. 
25 6 is further implemented in hardware for the modified Max-Log-MAP algorithm. 
If the weighting factor Wfand the value K' can be expressed as 2's exponents, the 
multipliers of FIGs. 5 and 6 can be implemented as simple bit selectors or adders 
including them. 

30 To evaluate the turbo decoding performance of the modified Max-Log- 
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MAP algorithm according to the present invention, simulations were performed 
under the following conditions. 

All the simulations were floating-point ones and decoding performance 
5 was evaluated in terms of Bit Error Rate (BER) and Frame Error Rate (PER). To 
investigate the impact of SNR mismatch, decoding performance with respect to 
Eb/No offset was also evaluated. A rate 1/5 turbo encoder as provided by 
CDMA2000 IxEV-DV was used and a Quasi Complementary Turbo Code 
(QCTC) operation was performed to convert an overall code rate to be a value 
10 other than 1/5. Frame size is one of EP sizes as defined in IxEV-DV spec. A 
modulation scheme used was BPSK and an AWGN channel was assumed. For 
turbo decoding, the maximum number of decoding iterations was 8. BER and ' 
FER were measured by executing the simulations until 50 frame errors were 
produced. 

15 

The weighting factor Wf and the value K' are empirically defined. Since 
decoding iterations for turbo decoding is generally a sub-optimal decoding 
operation, not a maximum likelihood decoding, there is a probability of 
performance being degraded during the iterative decoding. The SNR mismatch 
20 simulation revealed that better performance is achieved for an Eb/No offset of 
about -IdB than for no Eb/No offset. This is because the performance degradation 
possibly generated during the decoding iterations is offset by the -IdB erroneous 
weighting. Thus, the weighting factor Wf is empirically given by 

25 ^/^ -1 dB = 0.79432 "i'^i"'^ 

(9) 

By representing Wf as the sum of 2's exponents, multiplication by the 
weighting factor is implemented easily in hardware. 
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K' in Eq. (8) is the product of an inclination K in Eq. (4) and the 
weighting factor Wf. K in Eq. (6) is defined as the mean inclination of a tangent 
line of the function l(x)=log(H-e'''). Therefore, 

5 

log(l-fg"^)-log2 



a * 1 + 



dx 



■he' a 

(10) 

where a is set to a maximum significant value. If .a is larger than about 9, l(x) is 
less than 1 0 '*. Thus, for a as 9, K is determined by 

10 



log(l+e"0-log2 



= 0.7700 w-i- 
13 



(11) 



Some simulations reveal that defining -K as Eq. (11) leads to excellent 
15 performance. K' in Eq. (11) can also be expressed as 

(12) 

r 

K' can be simply obtained by bit selection which is a simplified hardware 
20 implementation of multiplication. 

Simulation results from approximation and non-approximation will be 
compared with reference to FIGs. 7 to 16. FIGs. 7 and 8 illustrate turbo decoding 
performance in terms of BER and FER for an EP size of 3864 and an overall 

25 code rate (R) of 1/2. In FIGs. 7 and 8, LogMAP denotes the Log-MAP algorithm, 
log2 MaxLogMAP denotes the Max-Log-MAP algorithm using fc defined as the 
log function l(x), mod MaxLogMAP denotes the Max-Log-MAP algorithm using 
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fc defined as an approximated first-order function, MaxLogMAP with FG 
denotes the existing Max-Log-MAP algorithm with FG, and MaxLogMAP 
denotes the existing Max-Log-MAP algorithm. As illustrated, log2 MaxLogMAP 
is approximate to LogMAP in decoding performance, but this performance is not 
5 ensured in case of SNR mismatch, mod MaxLogMAP performs merely about 
O.ldB worse than LogMAP at an FER of 10"^, while it performs about 0.5dB 
better than MaxLogMAP with FG. Mod MaxLogMAP performs constantly 
irrespective of SNR mismatch. 

10 FIGs. 9 and 10 illustrate the BER and FER performances of log2 

MaxLogMAP, mod MaxLogMAP, MaxLogMAP with FQ and MaxLogMAP 
over iterations with Eb/No=1.3dB. It is noted from FIGs, 9 and 10 that log2 
MaxLogMAP has the best performance over iterations, mod MaxLogMAP does 
not perform better than MaxLogMAP with FG, but achieves the FER 

15 performance of MaxLogMAP with FG over 8 iterations only with 7 iterations. 

FIGs. 11 and 12 illustrate BER and FER performance for an EP size of 
792 and an effective code rate of 1/5. Similarly to the case where the EP size is 
3864, there is no change in the performance rankings of the five algorithms. Yet, 
compared to the case where the EP size is 3864, mod MaxLogMAP performs 

20 about 0. IdB better than MaxLogMAP with FG 

FIGs. 13 and 14 illustrate BER and FER performance of the five 
algorithms when Eb/No=0.7dB and EP size=792, and FIGs. 15 and 16 illustrate 
BER and FER performance of the five algorithms for EP size=3864, effective 

25 code rate=l/2, and SNR mismatch at Ei/Nq of 1.2dB, that is, when errors 
equivalent to an Ei/No offset are generated in SNR estimation of a decoder input 
symbol under the assumption that perfect SNR estimation is achieved when the 
Eb/No offset is 0. As illustrated, mod MaxLogMAP performs irrespective of SNR 
mismatch because l(x) is approximated to a first-order function. However, log2 

30 MaxLogMAP exhibits a variable performance according to SNR mismatch 
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because l(x) is defined as a non-linear log() function and fc varies non-linearly 
depending on the change of a metric in the log () function. Yet, the fc variation is 
not large compared to LogMAP. Therefore, as far as an SNR estimation within 
about -6dB to -l-6dB is guaranteed, log2 MaxLogMAP can be used as a turbo 
5 decoding algorithm. 

It is noted from the simulations that the modified Max-Log-MAP 
algorithm performs only about 0.1 dB worse than the Log-MAP algorithm 
irrespective of EP size, signifying that this performance is better than that of the 
10 Max-Log-MAP algorithm (with or without FG). Despite some errors in the SNR 
estimation of an input symbol, the modified Max-Log-MAP algorithm has 
excellent performance irrespective of the SNR estimation errors, which is 
apparent from the simulation results. 

15 As described above, the modified Max-Log-MAP algorithm performs 

better than the Max-Log-MAP algorithm with small hardware addition as 
compared to the Max-Log-MAP algorithm and a simplified structure as 
compared to the Log-MAP algorithm. Therefore, the modified Max-Log-MAP 
algorithm is applicable to a channel decoder in a mobile terminal for UMTS and 

20 HSDPA as well as a channel decoder for a system and terminal of CDMA2000 
IxEV-DV. It advantageously performs excellently with a simplified structure. 

While the invention has been shown and described with reference to 
certain embodiments thereof, it will be understood by those skilled in the art that 
25 various changes in form and details may be made therein without departing from 
the spirit and scope of the invention as defined by the appended claims. 
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